Abstract-Voltage sag is a temporary voltage drop at the fundamental component of utility voltage line. Because of its nature, fast detecting and compensating of sag is very critical. In this work, adaptive neural network is proposed for detection and compensating of sag conditions. The neural network part uses Adaline structure to model the fundamental component of line voltage. Moreover, an adaptive learning rule is applied on the neural network algorithm to enhance the system speed in detecting voltage sag magnitude and phase. For compensating the fault, another controller plant is implemented that uses Levenberg-Marquardt backpropagation algorithm. This plant is trained during normal condition of voltage line and memorizes its peak magnitude. While voltage sag happens, it compares difference between the magnitudes of the normal condition to the sag situation and generates proper switching signal for the compensator. The proposed compensator in this work is series active power filter which has ability to compensate power system harmonics at the same time.
I. INTRODUCTION
Voltage sags are one of the dominate power quality problems faced by industries which happen at the point of common coupling (PCC) [1, 2] . Sags cause almost 92% of disturbances in the electrical power distribution systems [3] . Voltage sag is defined as a momentary voltage drop in rms voltage from 10% up to 90% of nominal line voltage with duration of a cycle up to a minute [4] . Sags may usually occur because of faults in the power system and starting of large loads such as motors, elevators and compressors. Critical damages caused by sags may occur to the voltage sensitive loads like digital devices including internet telecommunication systems and computers that results in loss and corrupting of data. Sags also reduce the efficiency and life duration of electrical devices, especially motors. These damages have brought rising numbers of complaints to the utilities. Most of complaints are from customers with sensitive loads in all sectors (residential, commercial, and industrial). Today's industries are leaning more on automated equipment to achieve maximum productivity and remain competitive. Therefore, problem of voltage sags has a considerable effect to not only technological site but may affect economical site too [5, 6] . In this paper, a voltage compensating technique is introduced that has the ability to detect and compensate voltage sag in an efficient and fast manner. This compensator is formed of series active filter with a voltage source inverter (VSI) and a neural network based controller. According to the current research works series active power filter (APF) is preferable for eliminating of voltage distortions which are mainly caused by harmonics [7, 8] . The proposed system is able to compensate voltage sags in addition to cancel out the probable present harmonics in the power distribution network. The proposed controller include the neural network with Adaline structure [9] with an intelligent adaptive learning rule [10] and the neural network reference controller which is trained by Levenberg-Marquardt (L-M) backpropagation algorithm [11, 12] . Real time learning ability of the neural network control system makes it adaptable to variation of line voltage in terms of both magnitude and phase angle along with detection of the nominal voltage peak. The Adaline unit of the controller is responsible to determine the line voltage and further produces the reference control signal. The applied adaptive learning rule enhances speed of the system in extracting voltage variation at the fundamental frequency. The L-M controller is trained by the reference signal and then is compared with the variation of the line voltage signal in order to produce PWM based switching signal to the VSI. This paper is presented in five sections. Section II is dedicated to the circuit configuration and principle of the series APF. Development and analysis of the neural network controller is covered in section III. Section IV presents results and in the section V this work is concluded. (2) where n represents the amount of voltage drop in magnitude per unit. Although IEC defines that voltage sag is a reduction of rated voltage in the range from 0.1 to 0.9 p.u but many surveys reveal that most of the happened voltage sags are not higher than 0.5 p.u [1] . Therefore with this concept, the designed approach is to compensate voltage sag up to 50%. The proposed approach is based on the series APF. Basically, the series APF composes of two main units, controller unit and compensator unit. The configuration of compensator unit is covered in this section. The compensator part of the series APF includes four main parts: 1) A VSI with IGBT switches which is operated by pulse width modulation (PWM). Output signal of controller unit is the reference signal for the APF. This reference signal is compared with the triangular wave to produce PWM switching signals to the gates of the VSI. 2) A DC supply for the VSI. In this work a rechargeable battery charged by the line voltage is considered.
3) A second order low-pass LC filter is designed to make the output voltage of inverter in sinusoidal waveforms and to absorb high frequency switching noises and electromagnetic interferences (EMI). 4) A transformer that connects the APF with the power line in series. In this work a linear transformer with winding ratio of 1:1 is applied. Block diagram of the proposed series APF for voltage sag detection and compensation is shown in figure (1) .
III. NEURAL NETWORK BASED CONTROL SYSTEM
The proposed controller is a closed-loop controller that takes advantages of online learning of neural network along with fast and accurate estimation of adaptive learning rule. The controller unit composes of three main parts as explained further: The first part is the implemented Adaline structure to determine the magnitude and phase of the distribution line at fundamental frequency. It usefulness is at the time that distortions presents. The Adaline extracts the fundamental signal of voltage source by following the Fourier series. Any electrical signal can be determined as below:
Where w an and w bn are amplitudes of the sine and cosine components of the supply voltage respectively. However, the proposed Adaline structure as shown in figure  ( 2) only uses two weight elements of the fundamental component. This idea is based on orthogonal relationship between both elements. However, updating only both elements leads to formation of large mean square error e(k). Therefore, a learning rate α is added in the formation of weight updating matrix as can be elaborated as follow:
is a set of weights in each iteration in matrix form as shown in (5 
Generally, a constant value has been chosen as the learning rate value [9, 13, 14] . Taking the constant value will result to slow down of the system in terms of estimating the peak amplitude value of fundamental signal and achieving the steady state of controller unit to produce the reference signal for the inverter. Thus, in this work, a novel learning rule is proposed which updates learning rate value in each iteration defined as (7).
The goal of these iterations is to let the signal extractor reaches to peak magnitude of fundamental signal by optimizing the value of learning rate α. As the proposed rule illustrates, its basis is on calculating local error E(k) from mean square value. E(k) is the difference between specified signal in each iteration. Coefficients factors are defined by user [15] . The second part of the controller unit is the peak value. It receives output signal of the Adaline to calculate the peak value of the fundamental signal. The peak amplitude value is memorized by the peak detector at the steady state and is used to compare continuously with the feedback value from variation in fundamental signal of power line. This comparison is used to determine magnitude of voltage drop at fundamental frequency. The third part of controller unit is a reference controller that is trained by Levenberg-Marquardt (L-M) backpropagation. The reference controller has two inputs. The first input is the output signal of the Adaline at no fault that is used as reference signal.
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Figure2: Adaline structure to extract fundamental component of utility line
Another input is the feedback signal of fundamental components of power line. The L-M backpropagation algorithm updates the weights in order to produce the model response signal which is equal to the reference signal. To obtain a set of initial weights for the reference controller, controller must be trained first in off-line mode. The goal for the training in this work is set to 4x10 -10 . After 100 epochs performance index reaches the goal as shown in figure (3) , and the obtained weights are set as the initial values for the L-M controller.
IV. RESULTS AND DISCUSSION
In this section the simulation works and results are covered. The simulation works are performed by using MATLABSimulink tool. The result of trained data set for the reference controller is shown in figure (4) . The updating value of learning rate for Adaline structure with the novel adaptive learning rule is depicted in figure (5) . The proposed approach results in a magnificence enhancement in system response time and accurate extracting of fundamental component of utility line voltage with local error of 5x10 -4 . The testing is carried out on the 8kVA three-phase system with 400V peak voltage. Occurrence of voltage sag is investigated at three different conditions as explained further later. For testing of system along with voltage drop, phase shifting is also considered as the voltage sag characteristic. During sag condition 30 degree phase shift is happened and after sag duration three-phase utility system experienced -40 degree phase shift to back to the normal condition. 3) Three-phase voltage sag with harmonic distortion: In this condition three-phase sag occurs at the utility grid as a result of over current demand of three-phase motor. In addition to 45% of sag, this motor generates odd harmonics up to 11 th order with Total Harmonic Distortion of 16.5%. The series APF is able to reduce present harmonic distortions down to 1.1% and compensate the voltage sag at utility line simultaneously. Figures (11) , (12) , and (13) show voltage conditions at utility source, compensating voltage and resultant voltage at the load side, respectively.
V. CONCLUSION
In this work, a new approach of voltage sag compensating technique is introduced for providing power of critical loads in a utility system. The compensating system employs the series APF with neural network controlling system. The series APF is able to keep the load side voltage equal to the nominal voltage during various tested conditions of voltage sag. Moreover, it has the capability of reducing harmonic at the same time. It is also capable of operating in real-time systems. Simulation results confirm the robustness and high speed operation of the series APF with proposed controller.
